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Studies on a Catena in Coimbatore District
IL. Physical Properties*

by
P. KANDASWAMY!, G. V. KOTHANDARAMAN ®,
and A, DHANAPALAN MOSI®

Synopsis: This second paper on tho studies of & catena in Coimbatore
district presents texture and physical constants of twonty five soil samples
drawn from eight profilos of tho catena. Corrolations between tho mechanieal
frections and physical constants are not affected by the depth and
topography. (The part I was published in June 1966 issue ).

Introduction: In the previous paper, the physical setting of the catena
and morphological features of eight profiles dug in the catena have been
presented. The physical properties and their inter-relationships are discussed
in the present paper. The physical properties such as texture, true and
apparent densities, maximum water-holding capacity, pore space and volume
expansion on swelling show relationship not only to the chemical, physico-
chemical "and bio-chemical properties of soils but also among themselves.
Such relationships are useful in characterising soils. When the relationship
is highly significant, the soil property may be used to predict other properties.

Review of Literature: Of the different mechanical fractions, clay has
been found to be very highly influencing many of the soil properties. Briggs
and Shantz (1912), Alway and Rost (1916), Alway and Russel (1916),
Smith (1917) and Joachim and Kandiah (1947), working on different types of
soils, have found out that clay is highly correlated with physical properties
and moisture constants of the soils. The coarser particles generally tend to
decrease the values of moisture constants. Presscott and Poole (1934),
Wilcox (1939) and Wilcox and Spilsbury (1941) have recorded similar
observations from their study,

Single value constants, namely, frue and apparent densities, maximum
water-holding capacity, pore space, and volume expansion on swelling have
been found to be highly inter-related. Close correlations among these
constants were observed by workers like Briggs and Shantz (1912) and
Capalungan and Murphy (1930).

‘Some of the soil properties like texture form the basic soil characters
and other properties depend on these basic soil characters. The dependent
oroperties can be predicted with reasonable’ accuracy from the basic
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characters using statistical methods. - Many investigations on this -aspeci
taking texture as the basic characters have been carried oub by Briggs anc
Shantz (1912), Alway and Rost (1916), Smith (1917) and many others
Recently worl in Indian soils on the relationship of texture and soil moisture
constants have been undertaken by Subba Rao (1960), Kandaswamy (1961),
Venkataramanan (1962) and Premanathan (1963), who have also observed
close relationship between texture and soil moisture constants. =Another
interesting observation made by these workers is' that the relationship
between soil properties are close inspite of the fact that soils studied are of

different types.

In the present study an atbempt is made to investigate these relation-
Ehlp with reference to a catena and to observe whether there is BI]}F mﬂuanca
of the depth and topography on these: relationships,

" Materials and Methods: Twenty five soil samples drawn from  the
horizons of eight profiles of ‘the catena have been analysed for'mechanical
fractions by adopting the Robinson Pipette method. Detritus, retained on
the 2 mm sieve, was weighed directly and accounted. Determinations of
physical constants, namely, true and apparent densities, maximum water-
holding capacity, pore space and volume expansion on swelling were made
using brass cups. Table I gives the percentages of mechanical” fractions.
The mechnical analysis data were recaloulated on the basis of whole
soil material "'mcludmg detritus. The recalculated values are shown in
Table II. The phyama.l constants are tabulated in  Table IIL.  Their
ra!atmnahlps among themselves and to the mechanical fractions were
statistically worked out and the results are presented in Table IV.

TasrE 1
Mechanical Fractions
; Fine Coarse Acid
Depth Clay Silt sand sand solubles Total

per cent  per cent  per cent

in inch - -per cent per cenf

Hill - top Profile
- 0—5+ 600 : 173 3548 5717

5—11 981 371 34'60 5168 . 020" 1000
below 11. . 579 . . 207 23:35 6422
gt _ 11 Prafile. \
c0— 970 1084 - 346 . 3785 4845 "
9—923. . - 1800 . ... 372 . 3477 48'36 .. 015 1000
23—33 2222 602  31'38 3710, 328 100

below 33  13'16 7-97 22'61 4177 . 1449 - 1000
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Tasue I (Conld.)

ﬁ X S Tine Coarse Acid
in?ﬁlﬂ pa?l'gn " pm?!::n 6 sand sand golubles Total
. per cent  per cent  per cent

— PR —

1Ir Pwﬁﬁe

0— 4 15602 4-11 3819 4462 .rs
4—17 25661 468 3077 4012
17—24 2850 536 2766 3272 576 100-0
24—35 30°10 578 2623 2973 916 100°0
below 35 778 12:28 27+89 36-75 1530 100:0
IV Profile
0— 9 19:53 345 3080 46734 Tl
0—39 17-24 831 2408 3421 16-26 1000
below 39 634 768 1549 68°31 723 1000
V Profile
0— 4 _1_3'3? 1:39 2951 5520 053 1000
4—320 1501 331 1622 5120 826 1000
VI Profile
0— 3 6:08 0G0 31-85 61-14 0-33 1000
3— 1 15742 2-29 2667 5404 068 100-0
VII Profile
0— 6 782 G-58 3088 o415 037 1000
6—11 11-35 4-40 4578 39-83
below 11 1320 333 22:72 5454 621 - 10070
Valley Profile
0—11 10-80 2:28 30°11 bi-32 0-49 100-0
11—19 16°17 1-69 26-00 55-18 0-96 100:0
19—25 18:39 4'T4 22°34 ai31
Tapre 11
Mechanical fractions on the basis of whole soil malerial tncluding delritus
Silt Fine Coarse Acid

Eefnth Detritus Clay

ol . per cent sand sand soluble -
in inch  per gept  ‘par-oen per cent  per vent per cent

ol i B —— B e - S — — —— — g

 Hill-top Profile

0—.5 22:33 406 134 3752 4440 i
5—11 6773 415 157 14:G3 21'85 0°08
below 11 G668 193 009 045 2140
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Tanpe 11 (Contd.)
Depth  Detritus Clay Silt fa:nﬂfl G;’;E# | snﬂiﬁll?lu
in inch  per cent per cent por .{:unt por cent: per cen _ _15&17__- {ie'n't'
II Profile
0— 9 1051 970 310 33-87 44'36_
0—23 700 16:74 3406 3234 4032 014
23—33 7249 611 166 8'63 10021 090
below 33 8917 1'43 0-86 245 452 l'i_i't'
IIT Profile
0— 4 882 1870 375 34'82 4068
4—17 1128 2272 4'15 2730 35659
17—24 T0°32 8146 169 8-21 9:71 171
24—30 5177 14:52 279 12:17 14-34 @'42
below 35 4500 420 6:63 15-06 1986 8-26
IV Profile
0— 9 246 1905 337 3004 4520
§—39 5946 600 333 9-76 1387 659
below 39 6000 254 3:05 6-20. 2532 2'89
V Profile
0— 4 3048 929 097 2052 38-38 037
4—20 47-06 937 172 1000 2664 430
V1 Profile
0— 3 1337 527 052 2759 5297 029
8— 17 590  14'5l 215 9510 5190 064
VII Profile
0— G 13-83 674 567 2061 46°66 0’49 -
6—11 1726 939 364 37-88 32:96
below 11 84'85 200 0:50 344 826 094
Valley Profile
- 0—11 577 10018 215 28:37 5307 046
11—19 407 1651 162 24-04 52'93 0-92
19—25 - 1831 15:02 3-87 1825 4518 -
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Tasue III
Physical Constants
: Maximum Volume
Apparent True Pore A .
Depth specific specific space water-holding expansion
gravit ravit er cent arpacity on Wesang
: y 8 y P per cent per cent
Hill - top Prafile
0— b6 | 155 2:26 36-37 2502 637
5—11 141 276 40-40 3170 1004
II Profile
0— 9 1'43 224 4301 3247 11'15
9—23 1-27 2:10 47-90 4263 1552
23—33 1-23 2:20 51'6G2 5122 23-34
IIT Profile "
0— 4 1+40 2:07 4322 3501 18°06
4—17 131 2:15 5168 47-16 2883
17—24 1:25 2-22 5580 5307 24-41
24—35 1'26 1:99 5042 5376 2873
below 35 1-42 214 4530 26°65 976
IV Profile
0— 9 1-29 212 48:82 . 44°23 18:67
9—39 1-25 2°16 5364 4076 1404
below 39 140 219 38-32 2859 442
V Profile
0— 4 1:54 2:30 4050 30°13 1023
4—320 1:36 2-14 4587 3119 10°58
VI Profile
0— 3 1'56 301 36-37 25°16 653
a— T 134 2:17 4530 3740 11'42
VII Profile | S
0— 6 1:52 2:36 40°35 2917 801
6—11 1:39 2:29 4413 3500 11-73
VIIT Projile
0—11 1:40 2:40 4678 3731 1023
11—19 142 2:24 4790 42-40 2381
19—25 1:34 2:10 4870 4325 2153
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TAnLe: IV

Simple correlations among mechanical fractions and pnysical: consiants

Rilt

Fine sand

Coarse sand

Apparent
specific
gravity

True specific
gravity

Pore space

Maximum
water-
holding
capaciby

Volume
expansion
on swelling

Coarse sand
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Results and Discussion :

Texture: Textural analysis shows a gradation

with depth and topography. The. texture of the hill- -top’ profile is sandy,
but it changes to sandy loam in the upper slope members (ILI and IV profiles)
to become again sandy in the lower slope members and in the valley profile.

_The clay distribution in the profiles. indicates.a definite pattern of
variation with depth. The clay contents of-the hill- top, 11 and III profiles
incrense with depth to decrease. again in the horizon  of pare:lt material.
The clay content of IV profile decreases from the top horizon_ downward.
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Since & gully has developed in between the IV and V profiles, it may be
assumed that top horizons of the original IV profile would have been washed
away by erosion. The V profile reveals clear symptom of truncation.
Hence, the clay distribution pattern of this profile does not conform to the
upper slope members. In the case of VI, VII and valley profiles, the amounts
of clay increase with the depth till the parent material is reached. The clay
distribution patterns show no stratification and are normal, Therefore, the
clay distribution establishes the uniformity of the parent material in all the
profiles.

The contents of detritus of the members of the catena are high, In
all the cases except VI profile, the quantity of detritus increases generally
with the depth, whereas in the case of VI profile, there is a band of quartz
pebbles. The high content of detritus influences the fype of soil structure
and the pattern of drainage of the profiles. It also affects the clay migration
within and away from the profiles. Drainage water is generally found to
carry a large quantity of clay-sized particles. Detritus forms an important
part of the profile body in the catena. Therefore, it was thought that
recaleulation of mechanical fractions on the basis of whole soil material
including detritus might throw more light on the clay migration.

The recaleulated figures present a different picture of clay distribution
in the profiles. In fhe hill-top profile, there is only a slight decrease in the
second horizon showing no vertical migration of clay from the top horizon.
The clay accumulative layer ocours ab the second horizon in the IT profile.
In the case of III profile, the content of clay increases in the second horizon
and drops in third to rise again in the fourth horizon. The IV, VI and
valley profiles indicate the same kind of trend in clay distribution similar to
the previous figures. In the case of V profile, there is no vertical migration
of clay, whereas there is clay accumulation in the second horizon of the VII
profile.

Although a different picture is observed with the recalculated figures,
it is difficult to point out exelusive usefulness of such recalculation. Both
set of figures appear to suggest that there is no redeposition of soil material
in the lower members of the catena and even in the valley profiles. The clay
should probably bave been carried away from the catena itsell in the
drainage waters.

Inter-relationship between mechanical fractions and physical constants: The
salient features of statistical analysis and correlations worked out to test
the relative dependence of the physical constants on the mechanical fractions
and aleo to assess the inter-relationship of the physical constants are as
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follows. Tho correlation coefficients in most cases were highly algmﬁﬂaﬂ‘h"*
even at 0.1 per cent level. The clay is positively cor related with’ pore &p’»&{,m
maximum water-holding capacity, and volume expansion “on swallmg, ‘nut
negatively correlated with apparent and true densities. The coarse sand it
negatively correlated with pore space, maximum water-holding capacity gmﬂ
volume expansion on swelling and positively correlated: with the apparent
density. It is not correlated with true density.

Depth and topography do not seem to materially alter the relation-:
ships between mechanical fractions and physical constants. This:may be
due t0 a similar genetic make up of all the profiles of the catena

The correlations point to the dominating influence of mechanical
fractions on the physical properties of soil. Since the correlation coefficients
are at the level of very high significance, it could be concluded that the

physical constanfs are functions of the same set of basic characters.
Therefore, the relationship can be put as follows:

Physical property = { (texture) (1)

The present study allows us to conclude that the basic character is
texture. However, the relationship to the texture does not attain the level
of unity, showing that the correlation is not complete. There may be other
interfering factors such as organic mafgter, salt concentration and exchange-
able cations to influence the physical properties of soil. Including these
factors the equation (1) can be written as follows: '

Physical property = f (texture, organic matter, salt concentration.
exchangeable cations) (2) -

To solve this equation further studies are required.

Summary: In this second paper on the studies of a cafena in
Coimbatore district, texture and -physical constants of twentyfive soil
samples drawn from eight profiles of the catena are presented and discussed.
Correlations between the mechanical fractions and physical constants were
statistically worked out. The clay is positively correlated with pore space,
maximum water-holding capacity and volume expansion on swelling, and
negatively correlated with apparent and true densities. The coarse sand is
negatively correlated to pore space, maximum waber-holding capacity and
volume expansion on swelling and positively correlated with the apparent
density. It is not correlated with true density, The correlations are not
affected by the depth tmd topography.
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